S
cience rarely allows the "is"-the way the world is-to become the "ought" of the way we think it should be. However, one particular aspect of modern biology may be of interest in this respect, namely, the history of our own genetic inheritance. As has been so often said, human evolution is the greatest story in history. We will use our own work on red hair and skin type genetics as an example, but we would be very surprised if the genetics of some other cutaneous traits do not have important stories to tell as well.
The genetics of red hair and pale skin: First, the dull biochemistry
High school biology texts usually try to make genetics palatable by citing hair and eye color traits as examples of the ways in which genes work. The fact that until comparatively recently we hadn't the faintest notion of the genetics of these traits seemed to receive little of the schoolmasters' attention. In truth, we still know little about eye color, but we are beginning to understand certain hair colors, namely, red hair. 1, 2 The fondness originally of Chinese and Japanese mouse breeders to select mutant mice with unusual coat colors goes back to the 18th and 19th centuries. This mouse fancy spread to Europe and North America, providing a wonderful bequest to those of us interested in pigment genetics. 3, 4 So, if you are interested in pigmentary disorders in humans, the first thing to do is to see whether you can find a mouse that resembles the human phenotype you are interested in. Although it is still true that we write books about mice, not vice versa, as far as pigmentation is concerned, the analogies have provided more success than failure. One such story, and the focus of our research, has been the identification of the gene leading to red hair and sun sensitivity, the melanocortin 1 receptor (MC1R).
The story of red hair begins with a series of mouse mutants (at the extension locus, a confusing term for the noncognoscenti). Many mutant mice at this locus (gene) have yellow rather than brown hair because they tend to produce relatively more phaeomelanin (red or yellow) than eumelanin (brown or black). Just over 6 years ago, Roger Cone's laboratory in Oregon cloned the gene underlying these mouse mutants, MC1R. 5, 6 He showed that some of the mutations concerned meant that MC1R didn't work-in genetic terminology, they were loss of function mutations. Mice that were homozygous for these mutations (ie, both copies of the gene were nonfunctional) had yellow rather than brown fur because they produced a relative excess of phaeomelanin (red/yellow) in comparison with eumelanin (brown/black).
This immediately suggested to us and our colleagues that these mice were models for human red hair. We sequenced the gene Cone had cloned and to our pleasure (and even to the pleasure of subsequent reviewers) found mutations in many human redheads. 7 The physiologic context is that cleavage 
The genetics of red hair and pale skin: The really big questions
The preceding paragraphs are a matter of routine for modern genetics and might be of little interest to those who don't share our fascination with evolution or freckles that leprechauns chose to wear. However, what is most interesting and germane to this essay is to stand back from the day-to-day humdrum of which molecule signals to which molecule (Seymour Benzer's "beware of the biochemical drain") and ask a good old-fashioned question: What is red hair for? In Jared Diamond's words, 18, 19 we should be less interested in proximate causes but pay more attention to the "ultimate causes": Why is red hair found in some parts of the world and not in others?
In our original studies we were plagued by the fact that we kept finding lots of different MC1R mutations. 7 This inevitably set alarm bells ringing, both in us and in the reviewers because of the fear that our results could be sequencing artefacts. And, although we should have known better, we continued to underestimate DNA sequence variability in humans. However, what in the early days was a costly nuisance has now turned into a thing of beauty because it is this very diversity in MC1R that allows us to hazard a guess at the evolutionary significance and history of red hair. 1, 20 Red hair usually cosegregates with sun-sensitive skin. The conventional explanation for the presence of pale skin in northern Europe is that dark-skinned individuals were more likely to suffer from rickets or other forms of vitamin D deficiency if ambient ultraviolet radiation is low and the diet is based on cereal crops. 21 The fact that the Inuit are pigmented, and products of proopiomelanocortin, including α-melanocyte-stimulating hormone, produced locally in skin activate the receptor facilitating the production of eumelanin rather than phaeomelanin (Fig 1) . By contrast, loss of function mutants, in humans just as in the mouse, produce more phaeomelanin, although the details of the biochemistry involved are still darker than the resulting hair. 8, 9 Subsequently we and others [10] [11] [12] showed that most redheads are homozygous for a handful of common loss of function mutations. There is also a clear dosage effect, with heterozygotes tending to be intermediate between homozygotes and wild-type ("normal") individuals for skin type, freckling, and shade of hair 11, 13 (Fig 2) . As could be predicted, carriers of mutations, even if they don't have red hair, are more at risk for skin cancer (including melanoma). 12, [14] [15] [16] This makes MC1R the major susceptibility locus for the most common cancer in Caucasians.
How do defects in MC1R lead to cancers of the skin? The jury is still out on this, but there are two competing and nonexclusive theories. The first is that eumelanin is simply a better sunblock than phaeomelanin. If you produce less eumelanin, the harmful ultraviolet radiation photons are not blocked and the cells of the epidermis carry a greater carcinogenic burden. The alternative theory is that it is not so much the relative absence of eumelanin that is the problem, but that phaeomelanin is directly harmful insofar as it is an ineffective sunblock and it may produce dangerous radicals in response to irradiation. 17 Choosing between these competing hypotheses requires more data, but the problem appears to be experimentally tractable. often covered up, but eat a diet rich in fat-soluble vitamins seemed to clinch the argument. 21 Nevertheless, it remains a "just so" story and certainly would fail to convince any self-respecting biochemist. However, the diversity in MC1R allowed us to date the red hair mutations and look for evidence of natural selection. 20, 22 Our analyses conducted with Dr Rosalind Harding suggest that the first redheads walked this earth as modern mankind emerged from African 50,000 to 100,000 years ago. 20 Comparisons between the chimpanzee and the human sequence make it clear that there was a large degree of functional constraint operating on the MC1R until the migration out of Africa occurred, that is, there was evidence of strong selection against skin lightening or change in hair color to red so that mutations of the gene were not "allowed by evolution" to accumulate. 20 Once humans moved out of Africa, the situation changed. In non-African populations, particularly in Europe, there was a rapid development of mutations at this locus. Nor was there just one founder mutation but many different changes, many of which we know to be functionally significant. This naturally leads to the question: Was this some form of selection or could it have been chance? In genetic parlance, what we observed is compatible with neutral theory (ie, chance may be the explanation), and yet the dice are methodologically loaded in favor of this explanation. 20 We suspect that as testing becomes more subtle and robust and the database larger, evidence of selection will emerge.
The importance of being red or not being red
If our prejudices prove correct, is the growth in the number of individuals with red hair due to natural selection or to some other form of selection? And what is the relevance to everyday dermatology? Red hair is not, to use a genetic term in a nongenetic context, neutral. Classical sources on the Roman world all remind us of the relative wealth attached to persons with red hair. Red-haired female slaves were reported to fetch a particularly high value. Whatever the merits of red hair might be from what we may call the "biologically materialistic position," the conscious choice of mate based on appearance or status or the perceptions of these may have proved important in human evolution. Biologic explanations of the peacock's tail all involve signaling between external traits and biologic fitness. It would seem perverse if humans were not able to influence their perceptions of desirability according to their own constructs and ideas regardless of whether there were any truth to these perceptions. Red hair and associated phenotype may simply, having once been rare, have become fashionable and therefore desirable.
Most genetic diversity is within populations rather than between human populations, that is, human DNA varies more within a continent or country than between continents or countries. The reason many find this counterintuitive is that we, unlike professional geneticists, tend to be obsessed with our external appearance. There is nothing mysterious about this except that humans are remarkably tuned in to noticing kin relationships (and appearance is a sure marker of this) and guessing behavior and social status. Imagine two redheads meeting on some far distant planet; not only would they immediately talk about back home (ie, earth), but we would be surprised if the conversation didn't turn to some discussion of the Celtic fringe and the natural opposition (ie, the English).
Our obsession with appearance and cosmesis should not surprise us. We are the product of both biology and, in a twist to natural selection, the selective fashions that we can create to change our nature and destiny. 19 No one who has watched nature's programs unfold in the form of the behaviors and rituals of teenage daughters should be amazed by any of this. Humans are tuned in to appearance; we notice it without conscious thought, and disturbance of it, whether by disease or by desire to be somebody else, is nothing strange to humanity. Skin disease and our everyday dismay at the degeneration of our integument attest to our own evolution as much as base changes in DNA.
Lest anyone think that we are diehard biological determinists, our speculations are entirely that, nor of course is there anything immutable in our choices except the fact that we make them. Blondness in Scandinavians or red hair in Celts may still be chance or be the result of natural selection of other codependent traits, such as vitamin D status. However, these issues are worth thinking about if they inject a little more biology into our musings about physical appearance and, dare we say, even the "liposuction as art" school of dermatology. We suspect that other genes pertaining to skin, especially if their function is confined to skin, may, like MC1R, also show evidence of great diversity between as well as within populations. Maybe the cosmetical practitioners do have insight after all; it's just that evolution got there first: vanity is more hard wired than many think, "is" and "ought" not far apart after all.
